-Laser Ablation ICP-MS is used to perform bulk and feature analysis of ceramic samples.
Introduction
ICP-MS analysis offers the manufacturer or user of semiconductor and ceramic materials full mass range composition data from low ppb levels through to minor and even major element contents. An important sample introduction system in these areas of analysis is the VG LaserLab. This instrument incorporates a high energy pulsed Nd:YAG laser which is capable of ablation of any ceramic or semiconductor matrix. Ablated sample can then be transported as an aerosol to the ICP flame. This configuration allows rapid and sensitive analysis of matrices which may otherwise be very difficult or even impossible to incorporate into a solution for conventional nebulisation into the ICP-MS.
The laser is a flexible tool and can be used to sample individual features and regions of specimens or alternatively may be used for bulk sampling to give mean composition of the whole sample.
Brief Description
The Nd:YAG laser is mounted horizontally and generates a pulsed beam of diameter Smm. The beam is folded through 90 degrees and focused onto the upper surface of the target sample. The sample is held in a sealed quartz cell; ablated aerosol is flushed from the cell by a stream of argon and carried directly to the torch.
The sample cell is mounted on X:Y:Z stages for accurate positioning beneath the beam. The sample is viewed by a high resolution monochrome or colour CCD video camera. Image magnification is from 17x to 250x. Low magnification is used for general bulk sampling applications and high magnification is used for analysis using very small spot sizes down to 20 microns in Q-switched mode.
Detection limits range from low ppm levels for the most difficult elements to ppt levels at high mass numbers. Because the sample is analysed at atmospheric pressure, analysis time is very fast, typically 2 to 3 minutes for the full mass range, including sample changeover.
Instrument calibration may be quantitative where certified reference materials exist, or by the establishment of a full mass range general instrument response curve, for use in semiquantitative analysis.
The VG PlasmaQuad is a quadrupole mass spectrometer operating in the mass range 0 to 300 amu. The ICP source is all solid state operating at 27.12 MHz. The detection system is a cross-calibrated dual mode device having eight linear orders of magnitude. Data is collected on a 6000 channel MCA, which can provide either scanning spectra or peak jumping acquisition of a number of predetermined isotopes.
A large linear dynamic range is essential in laser ablation ICP-MS as this allows the operator to use a matrix element minor isotope as an internal standard.
Bulk Analysis of Cerium Oxide
The trace element content of many ceramics significantly influences electrical properties. An example is the electrical conductivity of ceria. High purity ceria may be used as an oxygen sensor, since its electrical conductivity is proportional to the content of oxygen diffused into the ceria matrix. The trace element content (such as rare earths and calcium) greatly impairs this relationship. LA-ICP-MS has been used here to determine the total impurity content of two ceria samples, A and B ( Figure A ). The relationship between impurity level and linearity of response to oxygen partial pressure is shown in Figure B . It is apparent that quantitative or semiquantitative analysis of ceria by this route can be used as a rapid measure of sample purity to screen materials for their suitability in oxygen sensing applications.
Modes
of Laser Operation Log partial preeeta oxygen (wf,)
The laser generates two lengths of pulsed energy. The free running mode has a pulse length of 150 microseconds. This mode couples directly to the sample surface and can be used to produce relatively narrow deep craters of diameter 54 microns to loo microns. This mode is often used for single shot analysis of individual features of samples such as inclusions in ceramics .
Q-switched mode has a much shorter pulse length of less than 10 nanoseconds. The energy density of this pulse is several orders of magnitude higher than that of free running mode. This shorter pulse is so energetic that when it is focused onto a sample in an argon atmosphere , the gas immediately above the sample becomes ionised and a rapidly expanding explosive plasma is formed , lasting a few microseconds. The majority of the ablation which occurs during this brief event is caused by the transfer of energy from the laser induced plasma rather than by direct coupling of the laser beam to the sample . The Q-switched mode produces a relatively broad shallow crater,and so for bulk analysis, the laser may be operated at repetition rates of up to 15Hz at the same site to generate a stable aerosol throughout the acquisition period .
A new high performance optic is now capable of focusing low energy Q-switched pulses onto much smaller areas of sample, generating spot sizes down to 20 microns . The Q-switched mode has the specific advantage over free running operation that the very high energy density at the focus of the beam enables it to couple to any solid sample, including glasses and some ceramics which would normally be transparent to 1o64nm infra-red laser light. In this example a small inclusion of diameter around 100 microns has been identified on the surface of a barium titanate component. A single free running laser shot was used to ablate the impurity for ICP-MS analysis. The resultant full mass range spectrum showed that a significant quantity of the surrounding matrix had also been ablated and so a single shot was then directed at a clean area of the ceramic to give a 'matrix only' spectrum which could be subtracted from that obtained from the inclusion. (Figure C .) Figure D shows how the free-running, or fixed Q laser pulse ablates the bulk material in addition to the inclusion. It is immediately apparent even from qualitative analysis of the data that the contaminant was a low alloy steel material. Such sensitive and rapidly acquired data can give valuable information as to the likely sources of material contamination in manufacturing processes.
The technique of matrix spectrum subtraction used here has been successful because the major elements of the inclusion were not closely related to the composition of the surrounding matrix. If they had not been so different it would not have been so easy to identify the composition of the inclusion. It would therefore be desirable to have a laser ablation system which is able to remove small inclusions, perhaps smaller than fifty microns in diameter, without also sampling quantities of the matrix at the same time.
Q-switched Infra•Red Microprobe
Modifications to the laser optics and beam delivery system may be made which allow the focusing of much lower laser energies onto a much smaller area of sample. In this way, Q-switched craters of diameter 20 to 30 microns may be produced. An example is shown of a laser crater in a glass sample which is 40 microns across ( Figure E) . The crater is circular and there is good distinction between the ablated area and the surrounding matrix; (100 laser shots were fired at this point). This ensures good resolution of subsequent inclusion analysis using this configuration of laser and optics.
Compared with the very deep sampling of the single high energy free running crater in the inclusion analysis shown earlier, a much smaller contribution would be expected to be derived from the sample matrix if the microprobe optics were used instead.
Because of the very small spot sizes which this system is capable of, much higher viewing magnification of the sample surface is used. A final magnification of x250 allows the identification of features smaller than 10 microns on samples.
Quantitative Analysis • Microprobe Sampling.
The high performance optic has been used to sample from a range of NIS.T, glasses. Crater diameters of 40 microns were used in each case, and quantitative analysis was obtained by running each of the glasses firstly as a standard and then for a second time as an 'unknown' sample ( Figure F) . A minor isotope of silicon at mass 29 was used in all samples as an internal standard. The quantitative analysis shows generally very good agreement with the certified composition and the limits of detection calculated during this exercise were of the order of 30ppb for mid-mass range elements. The transport efficiency of aerosol must therefore be much higher in microprobe analysis since such detection limits would not have been expected from such small ablated volumes.
Semiquantitative analysis of N.I.S.T. 612 glass was also performed ( Figure G) . Quantitative accuracies are obviously much higher, but the semiquantitative data also correlates well with certified values . This analysis was also completed at a crater diameter of 40 microns. High energy Q-switched laser ablation sampling may be used for the ppb determination of the trace element composition of ceramics and other solids. ICP-MS analysis is rapid and may be used to screen the quality of high purity products during and after the manufacturing process .
Free running laser pulses are capable of ablation sampling of small features of samples . This mode of operation may be used in inclusion analysis, particularly where the inclusion and the matrix are not closely related in their major element composition.
3) 4)
A high performance optic may be used in place of the standard optical configuration to generate Qswitched shallow craters of diameters as small as 20 microns. This configuration provides more representative analysis of small inclusions with ppb detection limits.
Bulk sampling and microprobe analysis can be achieved using the same basic laser instrumentation with simple conversion from one to the other.
5)
The availability of Q-switched operation for very small spot sixes broadens the application of feature analysis to virtually any solid matrix.
